Regulation system
Markets for biofuels are strongly regulated by developed countries. The regulation is primarily for environmental protection purposes; therefore, it mostly finds expression in minimal incorporation quotes, tax allowances and penalties that are to be paid in cases of non-observance of quotas. We essentially verified that regulation increasingly inclines towards the latter system-completing with requirements for the motor industry and sustainability -as support for increased biofuels turnover imposes a significant burden on the budget. Below, we introduce the regulation systems of major world market operators.
The market for traditional biofuels is basically determined in Brazil by the incorporation rate, which must be directly changed by 20-25% annually; in the U.S.A by the RFS (Renewable Fuel Standard, 2007) modified by the EISA (Energy Independence and Security Act, 2010) ; and in the EU by the renewable fuels rate expected for 2020 by regulation no. 2009/28/EC.
The EU law limits the emission quantity of various biofuels during their life cycle (over the applicable agricultural/industrial technologies), in case of import biodiesel the sustainable requirements for production, too. In pursuance of this limitation, biofuels are only included in requirement fulfillment and can only be supported from 2011 (in the case of factories launched before 2008, from 2013) if their production and utilization decrease the emission of GHGs by at least 35% compared to fossil energy sources. By means of the currently applied general technologies, this drop exceeded 35% can be reached only by the utilization of rape (-38%) and corn (-47-49%) . In the case of biofuel imports in the EU, social (work safety) criteria have already been specified that make it difficult for exporter countries (e.g. Brazil) to export biofuels to the EU (POPP . Table 1 shows the most important expected results for the near future.
In Brazil, the obligatory incorporation rate of biodiesel was increased from 2% of year 2008 to 3% in 2009. Tax allowance on biodiesel production fluctuates between 0-100%, depending on the kind of raw material, the kind of territory and the type of holdings (family or joint) producing biodiesel. In the U.S.A., there is a 0,12 USD/l tax allowance on corn-based fuel production while on new generation biofuels there is 0,27 USD/l tax allowance (COYLE, 2010) , while in the EU, figures vary, as the allowance is not differentiated per fuel.
Regulation on biofuels has an impact on the motor industry, too. Fulfillment of the specifications of the RFS would be possible by raising the current 10% incorporate norm; however, this increases the risk to the motor industry too, which gives warranties on its cars only up to 10%. In the EU, in the case of diesel, only 7% of biofuel can be incorporated to the standard fuel, while for petrol, this figure is 10% (and 15% ETBE). However, this has not been published in national legislation yet. As of June 2010, a mere four Member States (Austria, France, Germany and the Netherlands) had complied. Naturally, E-85 and B-100 standards also exist, which can safely be used only with FFV functioning at an extremely low rate.
Materials and methods

Objectives
Following objectives were settled in the course of our examinations:
1. searching for possible correlations between increase of real GDP and oil utilization 2. analyzing relation between fuel prices and consumption at national level 3. examining price elasticity on fuel demand 4. analyzing the affects of the possible changes resulted in regulation systems on biofuel market
Target areas
We chose three countries: the U.S.A, Germany and Hungary, as target points of the analyses. The reasons for our choice are as follows:
1. The global financial and real economy crisis started in the U.S.A and most bioethanol is produced there (Popp et al 2010) , thus it has an important role in biofuel sector 2. Germany is the leading EU and European biodiesel producer and consumer; its market actions determine the biofuel market of all Europe, especially as concerns those Central-Eastern European biofuel producing countries with commercial relationships with Germany 3. Hungary is the typical example for indirect effects of the crisis on the biofuel market, and its ethanol market development is in contrast with American and German tendencies.
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Databases and methodology
We used the databases of the EIA (Energy Information Administration), the BAFA (Bundesamt für Wirtschafts-und Ausfuhrkontrolle), Energy Centre Ltd, the Hungarian Customs and Finance Guard, EUROSTAT and FAPRI. We prepared analyses using MS Office 2010 Excel and SPSS Statistics 17 programs.
In the course of our research, we applied Pearson's correlation analysis and price elasticity calculation of demand; their methods are briefly introduced as follows:
• Pearson's correlation: Values of r correlation coefficient can fluctuate between -1 and + 1 depending on the strength and direction of the relation. If r=0, linear relation between X and Y can be excluded, though non-linear relation between variables can be existed as r is inadequate to measure that. The definition of Pearson's correlation coefficient (r) in a supervised n sample, takes place as follows (MALHOTRA, 1999):
• Price elasticity of demand: we examined the price sensitivity of fuel demand by defining the curve elasticity. Price elasticity gives the percentage change in quantity demanded in response to a one percent change in price. Calculation is by the means of the following formula, where Dg is the demand, Pg is the fuel (on the basis BRONS ET AL, 2007):
Results and discussion
Correlation between the change in real GDP and consumption of petroleum products
As we explained in the introduction, interaction can be observed that is expressed both in prices and consumption. As GDP is the most widely accepted indicator of economic increase, we compared its alterations in the cases of the U.S.A and selected European countries to changes which occurred in petroleum products consumption. Table 2 contains starting data of correlation analysis.
The performed correlation analysis has shown significant and relatively strong (r= 0.604 -0.694) correlation between real GDP and change in petroleum products consumption in 2007 and 2009. It can be stated that strong correlation is not typical of that two indicators as developed countries are striving for the reduction of CO 2 -emission-by this means among others-petroleum utilization thus less growing or decreasing petroleum utilization can be realized by growing real GDP. However, the world economic crisis diminished the economic operation insomuch as it resulted in the reduction of petroleum consumption in an expressly verifiable and provable way.
Analysis of fuel prices and consumption in chosen countries
Since fuels are rather inelastic to price, it is difficult to present an obvious correlation between the prices and consumption within a country; however, in the case of the international outlook, it can be proved that in those countries (e.g. the U.S.A, Canada) applying lower fuel prices, fuel consumption per capita is basically higher than in typically more expensive countries such as EU Member States (LITMAN, 2011) . It can be stated as a whole that fuel prices in the three examined countries followed the tendency of petroleum prices during the analyzed period; primarily exchange rate fluctuations (USD -EUR; USD -HUF) are responsible for the small extent of deviation in tendencies. Fuel consumption per capita loosely followed the prices, although the abovementioned territorial differences (the U.S.A vs. the EU) can be clearly seen in Figure 3 . Figure 3 clearly demonstrates that, while in the U. S. A, a decrease in consumption per capita was primarily significant in 2008, in Germany and Hungary, due to the delayed arrival of the crisis, significant decline took place in 2009.
The effects of the global economic crisis on the markets for fossil and renewable fuels
Evaluation of biofuels consumption
On the whole, biofuel consumption independent of the crisis shows a growing tendency both in the U.S.A and in the EU ( Figure 4) ; however, significant fluctuation was experienced in consumption at a monthly level during the crisis.
Major fluctuation was experienced on the German market, whereas the Hungarian ethanol market for most of the examined period has shown steep growth (the reasons for this are discussed in details under chapter 3.5.). Biodiesel and plant oil consumption were the most unstable in the examined period ( Figure 5 ). This instability was due to the extremely high oilseed prices, which had just increased the net cost of biodiesel when petroleum prices hit their historical low. In this way, significant state support was not able to compensate for the price difference either.
Price elasticity of fuel demand
As fuel prices do not correlate with consumption, price elasticity of demand is the only indicator by which their effects can be quantified. Tab. 3 contains price elasticities of demand. It is remarkable that values for elasticity are mostly different from bibliographic data (-0.1 --0.38; GOODWIN ET AL, 2004; DAHL, 2011) . The reason for these significant deviations is the chaos caused by the crisis, which disarranged petroleum prices and exchange rates. Furthermore, the crisis has bankrupted several enterprises and has caused significant increases in unemployment, thus reducing the purchasing power in the household sector. The combined effect of many special factors has disarranged the traditional price-consumption relationship on the fuel market.
Effects of alteration in regulation systems on biofuels market
The most important change in the U.S.A was that on 13 October, 2010, the incorporation rate of bioethanol was increased by 15% for cars and vans manufactured in 2007 and after this date. This change affected approximately 1/3 of the entire fuel consumption (TÓTH, 2010) . Change on regulation practically had no impact on examined period as it was carried out at the end of that given period. As the regulation system was practically unchanged in the period 2007-÷2010, fluctuations in the American biofuel market were due to the economic situation.
Development of regulation was completely foreseeable in Germany, too. Bioethanol is tax-free, whereas the tax allowance on biodiesel dropped from 0.3994 EUR/l to 0.3034 EUR/l in the examined period. It can also be stated that the regulation system did not change in a drastic or unforeseeable way, thus biofuel fluctuation can be traced back to the market conditions. (See chapter 3.3.).
The Hungarian regulation system has changed several times during the crisis. Regulation for biofuels was not affected (these were only changed in 2010 (CVII. law of 2010), but due to the crisis, the excise duty rate and VAT rate were increased. Therefore, the excise duty on fuel has risen from HUF 130.5 to HUF 120, duty on diesel rose from HUF 88.9 to HUF 97.35 (SZARVAS, 2010) . Considering that the excise duty is also the basis of VAT, the effect of price increase was more significant-in case of petrol it was HUF 20.6, regarding diesel it was HUF 10.6. This sudden price increase greatly influenced turnover of E-85 in the country ( Figure 5 ) as fuel content of E85 is excise duty free. Figure 6 illustrates the content of fuel prices in the examined period. It can be clearly seen that lower fuel prices in the U.S.A are primarily due to the lower tax rates. The fact that the tax ratio in Hungarian fuel prices did not grow, in spite of the increasing tax rate, is due to the growth of petroleum prices and the HUF-USD exchange rate.
Conclusion
Usually, there is no close correlation between the consumption of petroleum products and the change in real GDP, although the interaction between the economy and petroleum market is well known. However, the crisis influenced the economic processes in 2009 to such an extent that the often only suspected, but hardly or not at all provable correlation, became obvious Fuel prices, as usual, obviously followed the evaluation of the world price of oil during the examined period and small differences are caused by exchange rate (EUR-USD; HUF-USD) fluctuations. The per capita consumption only loosely followed the evaluation of prices. This is due to two main reasons. On the one hand, fuels are traditionally inelastic products; price has little effect on demand in the short term; on the other hand, fluctuations caused by the crisis suppressed all other effects.
Demand for biofuels, despite the crisis, has shown steady growth in the USA, rather than in the EU, but there were very significant monthly fluctuations. These were mainly due to such an increase in raw material prices which made the substantial part of renewable fuels non-competitive -even with significant state subsidies.
Hungary is an exception in this tendency: where the increase of excise duty rate and VAT-rate occurred within a short time and led to a record increase in fuel prices, this caused an explosive growth in demand for E85 fuel market.
In the analyzed period, the price elasticity of fuel demand greatly deviated from the bibliographic data. The reason for this variation is the chaos caused by the crisis, which disarranged petroleum prices and exchange rates. Furthermore, it has bankrupted several enterprises and caused a significant increase in unemployment, thus reducing the purchasing power in the household sector. The combined effect of many special factors has disarranged the traditional price-consumption relationship at the fuel market.
The biofuel market was not directly affected by the renewable fuel regulation systems of the examined states, since their changes occurred at the end of the analyzed period. However, in the near future, they will become significant direct determinant factors.
